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Features 

 Two voltage ranges, 1 and 4 volts 

 Adjustable 9, 10, 11, or 12 bit resolution 

 Dithered using DMA for zero CPU overhead 

 Uses a single DAC block 

General Description 

The Dithered Voltage Digital to Analog Converter (DVDAC) component has a selectable 
resolution between 9 and 12 bits. Dithering is used to increase the resolution of its underlying 8-
bit VDAC8. Only a small output capacitor is required to suppress the noise generated by 
dithering. 

Input/Output Connections 

This section describes the various input and output connections for the DVDAC. An asterisk (*) 
in the list of I/Os indicates that the I/O may be hidden on the symbol under the conditions listed 
in the description of that I/O. 

 

Vout – Analog  

The Vout terminal is the connection to the DAC’s voltage output. It may be routed to any analog-
compatible pin on the PSoC. An external capacitor should be placed between this output and 
Vssa to filter the noise generated by the voltage dithering. 

Dithered Voltage Digital to Analog Converter (DVDAC) 
2.0 
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clock – Input * 

External clock terminal. This terminal is present if the External clock option is selected. If the 
Internal clock option is selected, the clock is configured automatically within the component and 
the clock terminal is not shown. The clock input is a clock that is generated outside the 
component. This clock determines the DAC data register update rate. 

Component Parameters 

Drag a DVDAC component onto your design and double click it to open the Configure dialog. 

 

The DVDAC component provides the following parameters. 

Voltage Range 

This parameter allows you to set one of the two voltage ranges as the default value: 

Range Input value range Output Equation 

1 Volt 0 to 1.020 Volts Vout = (value/2bits) * 1.024 Volts 

4 Volts 0 to 4.080 Volts Vout = (value/2bits) * 4.096 Volts 

Note The term “bits” is the number of bits of resolution for the DAC. The term “value” is the 
integer value that the DAC is currently set to. 
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Resolution 

This parameter allows you to select one of four resolutions (9, 10, 11, or 12). Refer to the table 
under Value for the connection between Resolution and Value parameters. 

Value 

The mV field represents the initial value of the DVDAC output voltage in millivolts. The Hex field 
represents the DVDAC input data value in hexadecimal number format. The DVDAC_SetValue() 
function can override the default value during runtime. 

Resolution Value Step Size, mV 

( 1 volt range ) 

Step Size, mV 

( 4 volt range ) 

9 0x0 to 0x1FE 2 8 

10 0x0 to 0x3FC 1 4 

11 0x0 to 0x7F8 0.5 2 

12 0x0 to 0xFF0 0.25 1 

 

Timing 

The Internal clock and External clock options allow you to choose whether the component will 
be clocked by one of the following: 

 Internal clock: source internal to the DVDAC component 

 External clock: source external to the component 

When the external clock is enabled, a clock input terminal is displayed on the DVDAC symbol. 

The Clock frequency (kHz) field represents how fast the output voltage is updated with a 
dithered voltage value. At each clock a DMA request is made which results in the VDAC being 
written with the next value. The maximum frequency is limited by the 8-bit VDAC block update 
rate and is 1 MHz for the 1 volt range and 250 KHz for the 4 volt range. This frequency must be 
larger than BUS_CLK divided by 12 to ensure that the DMA request will be able to complete the 
transaction before the next request. If DMA is being used for other functions in the system, a 
higher margin between BUS_CLK and the DVDAC clock should be used. When using an internal 
clock the default frequency chosen will be the maximum supported for the voltage range. That 
value can be edited to a lower frequency. 
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Application Programming Interface 

Application Programming Interface (API) routines allow you to configure the component using 
software. The following table lists and describes the interface to each function. The subsequent 
sections cover each function in more detail. 

By default, PSoC Creator assigns the instance name “DVDAC_1” to the first instance of a 
component in a given design. It can be renamed to any unique value that follows the syntactic 
rules for identifiers. The instance name becomes the prefix of every global function name, 
variable, and constant symbol. For readability, the instance name used in the following table is 
“DVDAC.” 

Function Description  

DVDAC_Start() Initializes the DVDAC with default customizer values. 

DVDAC_Stop() Disables the DVDAC and sets it to the lowest power state. 

DVDAC_SetValue() Sets the DVDACs output. 

DVDAC_Sleep() Stops and saves the user configuration. 

DVDAC_WakeUp() Restores and enables the user configuration. 

DVDAC_Init() Initializes or restores the default DVDAC configuration 

DVDAC_Enable() Enables the DVDAC.  

DVDAC_SaveConfig() Saves the nonretention DAC data register value. 

DVDAC_RestoreConfig() Restores the nonretention DAC data register value. 

 

Global Variables 

Variable Description  

DVDAC_initVar Indicates whether the DVDAC has been initialized. The variable is initialized to 0 and set to 1 
the first time DVDAC_Start() is called. This allows the component to restart without 
reinitialization after the first call to the DVDAC_Start() routine. 

If reinitialization of the component is required, then the DVDAC_Init() function can be called 
before the DVDAC_Start() or DVDAC_Enable() function. 
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void DVDAC_Start(void) 

Description: Performs all of the required initialization for the component and enables power to the block. 
The first time the routine is executed, the component is initialized to the configured 
settings. When called to restart the DVDAC  following a DVDAC_Stop() call, the current 
component parameter settings are retained. 

Parameters: None 

Return Value: None 

Side Effects:  If the DVDAC_initVar variable is already set, this function only calls the DVDAC_Enable() 
function. 

 

void DVDAC_Stop(void) 

Description: Stops the component and turns off the analog blocks in the DVDAC. 

Parameters: None 

Return Value: None 

 

void DVDAC_SetValue(uint16 value) 

Description: Sets the DVDACs output. The function populates the SRAM array based on the value and 
the resolution setting. That array is then transferred to the internal VDAC by DMA. 

Parameters: (uint16) value:  The maximum value will be dependent on the resolution selected: 

 0 – 1FE, for 9 bits 

 0 – 3FC, for 10 bits 

 0 – 7F8, for 11 bits 

 0 – FF0, for 12 bits 

This value includes an integer portion and a fractional portion that varies depending on 
number of bits of resolution. 

 9-bits: 1 fractional bit 

 10-bits: 2 fractional bits 

 11-bits: 3 fractional bits 

 12-bits: 4 fractional bits 

Return Value: None 
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void DVDAC_Sleep(void) 

Description: This is the preferred API to prepare the component for sleep. The DVDAC_Sleep() API 
saves the current component state. Then it calls the DVDAC_Stop() function and calls 
DVDAC_SaveConfig() to save the hardware configuration. 

Call the DVDAC_Sleep() function before calling the CyPmSleep() or the CyPmHibernate() 
function. Refer to the PSoC Creator System Reference Guide for more information about 
power management functions. 

Parameters: None 

Return Value: None 

Side Effects:  None 

 

void DVDAC_Wakeup(void) 

Description: This is the preferred API to restore the component to the state when DVDAC_Sleep() was 
called. The DVDAC_Wakeup() function calls the DVDAC_RestoreConfig() function to 
restore the configuration. If the component was enabled before the DVDAC_Sleep() 
function was called, the DVDAC_Wakeup() function will also re-enable the component. 

Parameters: None 

Return Value: None 

Side Effects:  Calling the DVDAC_Wakeup() function without first calling the DVDAC_Sleep() or 
DVDAC_SaveConfig() function may produce unexpected behavior. 

 

void DVDAC_Init(void) 

Description: Initializes or restores the component according to the customizer Configure dialog settings. 
It is not necessary to call DVDAC_Init() because the DVDAC_Start() API calls this function 
and is the preferred method to begin component operation. 

Parameters: None 

Return Value: None 

 

void DVDAC_Enable(void) 

Description: Activates the hardware and begins component operation. It is not necessary to call 
DVDAC_Enable() because the DVDAC_Start() API calls this function, which is the 
preferred method to begin component operation. 

Parameters: None 

Return Value: None 
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void DVDAC_SaveConfig(void) 

Description: This function saves the component configuration and non-retention registers. This function 
is called by the DVDAC_Sleep() function. 

Parameters: None 

Return Value: None 

 

void DVDAC_RestoreConfig(void) 

Description: This function restores the component configuration and non-retention registers. This 
function is called by the DVDAC_Wakeup() function. 

Parameters: None 

Return Value: None 

 

MISRA Compliance 
This section describes the MISRA-C:2004 compliance and deviations for the component. There 
are two types of deviations defined:  

 project deviations – deviations that are applicable for all PSoC Creator components  

 specific deviations – deviations that are applicable only for this component 

This section provides information on component-specific deviations. Project deviations are 
described in the MISRA Compliance section of the System Reference Guide along with 
information on the MISRA compliance verification environment.  

The DVDAC component does not have any specific deviations. 

This component has the following embedded components: Clock, VDAC8, and DMA. Refer to 
the corresponding components datasheet for information on their MISRA compliance and 
specific deviations. 

Sample Firmware Source Code  

PSoC Creator provides many example projects that include schematics and example code in the 
Find Example Project dialog. For component-specific examples, open the dialog from the 
Component Catalog or an instance of the component in a schematic. For general examples, 
open the dialog from the Start Page or File menu. As needed, use the Filter Options in the 
dialog to narrow the list of projects available to select.  

Refer to the “Find Example Project” topic in the PSoC Creator Help for more information. 
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Functional Description 

The theory of this component operation is that if you quickly write two or more different values to 
a DAC and filter the output, then the output is the average of the values written to the DAC. This 
assumes that values written to the DAC are periodic. 

Natively, the 8-bit VDAC in the 1-volt range provides a resolution of 4 mV (1.024 V / 256 = 4 
mV). If you want an output of 500 mV you can simply write 125 to the DAC. (125 * 4 mV = 500 
mV).  

However, if you require 501 mV, you have to settle for 500 or 504 mV. By dithering the output at 
a relatively high speed, the 501 mV output can be generated by averaging multiple output 
values. In this case a succession of four values can be periodically written to the VDAC. 

In the 1-volt range, a value of 125 written to the VDAC produces 500 mV. A value of 126 
produces an output voltage of 504 mV. If you average the numbers 500, 500, 500, and 504, you 
get 501. The following table shows an example of how the output is dithered. The same pattern 
may be used between any two 8-bit steps to increase the resolution. 

Sample Array1 Array2 Array3 Array4 

1 125 125 125 125 

2 125 125 125 126 

3 125 125 126 126 

4 125 126 126 126 

Average 125.00 125.25 125.50 125.75 

Average Voltage (mV) 500 501 502 503 

Dithered VDAC Limitations 

The dithered DAC cannot generate the full 2bits unique output values. The last N codes, where N 
= 2(bits – 8), all generate the same output voltage. This is due to the fact that dithering requires two 
adjacent 8-bit DAC values to generate an average output signal. 

Once the internal 8-bit DAC’s output is 255 (0xFF), there is no adjacent higher value. When the 
voltage DAC is configured for the 1 volt range and the highest output value is written to the 
VDAC, the output is 1.024 * (255 / 256) = 1.020 volts. This is the highest voltage the 8-bit VDAC 
can generate. 

Using the same equation for a true 10-bit VDAC, results in a slightly higher output, 1.024 * (1023 
/ 1024) = 1.023 volts. For the dithered VDAC we are using a single 8-bit VDAC to simulate a 10-
bit VDAC, so the maximum voltage is still that of the 8-bit VDAC. This means that any VDAC 
value higher than that of 8-bit VDAC is invalid. In the case of a 10-bit dithered VDAC, the highest 
valid code is 1020, (1.024 * (1020 / 1024) = 1.020 volts. 
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The following table specifies the code limit for each resolution. 

Resolution (bits) Valid Range Invalid Codes Invalid Range 

9 0 – 510 1 511 

10 0 – 1020 3 1021 - 1023 

11 0 – 2040 7 2041 - 2047 

12 0 - 4080 15 4081 - 4095 

 

Another more obvious limitation is the noise generated by the process of dithering. Since the 
output is the average of two adjacent values, the noise generated by dithering is small. In this 
case, the noise is 4 mV (1.024 / 256) for the 1-volt range and 16 mV (4.096 / 256) for the 4-volt 
range. The actual dither frequency varies with the resolution of the DAC. If a 1 MHz dither clock 
is used for the DMA and the period is set to 4 (10-bits) the actual dither frequency is about 250 
kHz (1 MHz / 4). 

Capacitor Value Calculation 

A filter can be added to reduce the dither noise to an acceptable level. The filter is external to the 
device so any type of active or passive filter required to reduce the dithered output noise can be 
used. 

To keep the external parts count low, a first order passive filter may be sufficient. A first order 
filter is simply a resistor and capacitor. Since the output resistance of the DAC is known, 4 kΩ for 
the 1-volt range and 16 kΩ for the 4-volt range, the resistor is included for free. This means that 
all that is needed is to add a capacitor on the output. 

To calculate the capacitor value we first need to know just how much attenuation is required, and 
then determine the filter cutoff frequency. For each bit over 8-bits of resolution, the output needs 
to be attenuated by about 6 dB to attenuate the noise caused by the dither frequency. If we are 
making a 10-bit DAC, the dithered output would need to be attenuated by 12 dB, (6 db * (10 bits 
– 8 bits)). For an 11-bit DAC the attenuation will need to be 18 dB and so on. 

The filter’s cutoff frequency is relative to the dither frequency. The VDAC8 specification states 
that the maximum clock rate is 1 MHz for the 1-volt range and 256 kHz for the 4 volt range, but 
this output is divided by 2B-8 where “B” is bits of resolution. For example, if we want 10 bits of 
resolution in the 1 volt range, we divide the 1 MHz sample clock by 4 (2(10-8)) or 1 MHz / 4 = 
250 kHz. 

The following table shows the attenuation required and dither frequency for each resolution and 
voltage range. 

Resolution 9 10 11 12 Bits 

Attenuation 6 12 18 24 dB 

1-volt dither  frequency 500 250 125 62.5 kHz 

4-volt dither frequency 125 62.5 31.3 15.6 kHz 
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Using the following equation, we can find the filter cutoff frequency. 

Equation 1. Filter Attenuation 





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Where: 

Atten is the amount of attenuation required for a given resolution. Fdith is the dither frequency and 
Fc is the filter cutoff frequency. 

Solving for Fc: 

Equation 2. Cutoff Frequency 
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Now that we know the cutoff frequency, we can calculate the filter capacitor value. 

Equation 3. RC Filter Cutoff Frequency 
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Solving for C: 

Equation 4. Required Capacitor 
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Settling Time Calculation 

The last thing to be concerned about is the DAC’s settling time at the given resolution. 

Equation 5. RC Filter Voltage Settling 
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Where Vs is the settled voltage and Vin is the smallest step size of the 8-bit VDAC. If we make Vin 

one unit, then Vs is the faction of the smallest step that we need to settle to for the output to be 
accurate. Ideally, we want the output to be within one half the smallest step of the VDAC. The 
step size of the DAC in terms of the initial VDAC can be expressed as follows. 

Equation 6. Half Step Voltage 
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Where B is the bits of resolution required. The “0.5” multiplier is because we want the error to be 
one half the step size. If we combine these two equations, we get; 

Equation 7. Combined Settling Equation 
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Solving for time (settling time): 

Equation 8. Voltage Settling Time 
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Resources 

The DVDAC component uses the following device resources: 

 VIDAC block, 

 DMA channel, 

 Digital Clock Divider (for Internal clock option). 

API Memory Usage 

The component memory usage varies significantly, depending on the compiler, device, number 
of APIs used and component configuration. The following table provides the memory usage for 
all APIs available in the given component configuration.   

The measurements have been done with the associated compiler configured in Release mode 
with optimization set for Size. For a specific design the map file generated by the compiler can 
be analyzed to determine the memory usage. 

Configuration 

PSoC 3 (Keil_PK51) PSoC 5LP (GCC) 

Flash 

Bytes 

SRAM 

Bytes 

Flash 

Bytes 

SRAM 

Bytes 

Default 605 12 704 11 
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DC and AC Electrical Characteristics 

Specifications are valid for –40 °C ≤ TA ≤ 85 °C and TJ ≤ 100 °C except where noted. 
Specifications are valid for 1.71 V to 5.5 V, except where noted. Typical values are for TA = 
25 °C.  

DC Characteristics 

Parameter Description Conditions Min Typ Max Units 

 Resolution  9 – 12 bits 

INL Integral nonlinearity 1-V scale  9 - Bits – TBD TBD LSB 

1-V scale  10 - Bits – TBD TBD LSB 

1-V scale  11 - Bits – TBD TBD LSB 

1-V scale  12 - Bits – TBD TBD LSB 

INL Integral nonlinearity 4-V scale  9 - Bits – TBD TBD LSB 

4-V scale  10 - Bits – TBD TBD LSB 

4-V scale  11 - Bits – TBD TBD LSB 

4-V scale  12 - Bits – TBD TBD LSB 

DNL Differential nonlinearity 1-V scale  9 - Bits – TBD TBD LSB 

1-V scale  10 - Bits – TBD TBD LSB 

1-V scale  11 - Bits – TBD TBD LSB 

1-V scale  12 - Bits – TBD TBD LSB 

DNL Differential nonlinearity 4-V scale  9 - Bits – TBD TBD LSB 

4-V scale  10 - Bits – TBD TBD LSB 

4-V scale  11 - Bits – TBD TBD LSB 

4-V scale  12 - Bits – TBD TBD LSB 

ROUT Output resistance 1-V scale – 4 – k 

4-V scale – 16 – k 

VOUT Output voltage range,  
maximum code value 

1-V scale – 1.02 – V 

4-V scale, VDDA = 5 V – 4.081 – V 

 Monotonicity  – – Yes – 

VOS Zero-scale error  – TBD  LSB 

Eg Gain error 1-V scale – TBD TBD % 

                                            

1 For VDDA voltage below 5V, the output complies to specifications for output voltages below (VDDA – 1 V). 
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Parameter Description Conditions Min Typ Max Units 

4-V scale – TBD TBD % 

TC_Eg Temperature coefficient, 
gain error 

1-V scale – – TBD %FSR/°C 

4-V scale – – TBD %FSR/°C 

IDD Operating current  – – TBD µA 

 

AC Characteristics 

Parameter Description Conditions Min Typ Max Units 

FDAC  Effective update rate 

 9 bits ( 1V Range ) – – 500 ksps 

 9 bits ( 4V Range ) – – 125 ksps 

 10 bits ( 1V Range ) – – 250 ksps 

 10 bits ( 4V Range ) – – 62 ksps 

 11 bits ( 1V Range ) – – 125 ksps 

 11 bits ( 4V Range ) – – 31 ksps 

 12 bits ( 1V Range ) – – 62 ksps 

 12 bits ( 4V Range ) – – 15 ksps 

TsettleP Settling time to 0.1%,  
step 25% to 75% 

1-V scale, CLOAD = 15 pF – TBD  µs 

4-V scale, CLOAD = 15 pF – TBD  µs 

TsettleN Settling time to 0.1%,  
step 75% to 25% 

1-V scale, CLOAD = 15 pF – TBD  µs 

4-V scale, CLOAD = 15 pF – TBD  µs 

Vn1V Voltage noise  Range = 1 V, fast mode, Vdda 
= 5 V, 10 kHz 

– TBD – nV/sqrtHz 

 

Component Errata 

This section lists known problems with the component. 

Cypress 
ID 

Component 
Version Problem Workaround 

191257 v2.0 This component was modified without a version 
number change in PSoC Creator 3.0 SP1. For 
further information, see Knowledge Base Article 
KBA94159 (www.cypress.com/go/kba94159).  

No workaround is necessary. 
There is no impact to designs. 

 

http://www.cypress.com/go/kba94159
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Component Changes 

This section lists the major changes in the component from the previous version. 

Version Description of Changes Reason for Changes / Impact 

2.0.b Minor datasheet edits.  

2.0.a Edited datasheet to add 
Component Errata section. 

Document that the component was changed, but there is no 
impact to designs. 

2.0 First Cypress-supported version of 
the component. 
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